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OAW (lV/V-I? The basic configuration ...

‘% Low energy laser transmitters:

= At 532 nm /2 kHz /15 pd / < 1 ns
-1064nm / 2kHz /30 uJ / <1ns

SP-DART is a small SLR station,
but without receive telescope:
It uses a host mount/ telescope

FGPA for Range Gate etc.
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Laptop, Real-Time programs

Uses a host mount/telescope ...
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OAW (IWF The laser transmitter

outputlens

laser 1064nm

vario-telescope infrared L

11062

L 21064 telescope green/infrared

laser 532nm

vario-telescope green

-

Design Goal: Both beams at exit: 40 mm dia, minimum divergence (<25 prad);

Both lasers operating parallel, no moving parts, pointing stability < 15 prad
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OAW C|W|: Laser bench, mounted on Graz telescope ...
f ‘ Output Lens

2 uLasers:
532 nm
1064 nm

Dichroic

SP DART mounted on GRAZ telescope
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OAW CIV/V-I; SP-DART in Graz: Tracking Galileo 101

M SLR Graz WinClean Program --- Version 2.3 2014-06-27 / Format 5
CreateNPs  Store Pass Aut

mb  BackScatter Retur

oClean TB LEFit AutolEFE Deletethis Pass Uselist File Options Lor jackScal rnRate Debris  Exit
L01 217 16: 77 595 Pts; ElMax: 65.2°; TB: 0.0 ms

HQ-Laser / 532 nm:
350 uJ /2 kHz / 10 ps:
\250 ElL: 0.6 % Ret Quote
—— 65° El: 8.3 % Ret Quote

DART-Laser /532 nm:

— ] 15uJ/2kHz/< 1 ns
. 56°El: < 0.1 % Ret Quote

50.6° Satellite: GalileolDl 98l 630 El 11% Ret QUOte

77 Start & E Mg o L3 <t # ) CHLASETIRa. ) Kirchrer, Geor... | 1 ED - [c:\Laset., ? pe-dome-i( 1 SLR: Graz Win. Actual Values DE OFEECE O® (L v ez

- With 15 uJ: Ranging to HEOs possible; needs Single-Photon Sensitivity of Receiver
- Return Quotes are varying due to weather conditions / elevation etc.

- With several passes: Reasonable statistics obtained
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AAW CiWF) Details of tracking Galileo 101

o S —————— e HQ—LaSCI': 350 !JJ /2 kHz/ 10 pS / 532 nm:

P meoi e oo
L0l 217 16: 42 730 Pts; ElMax: 65.2°; TB: -6.0 ms

B @ 65° El: 8.3 % Return Quote

ben Broom RaDran s Credtls Stre Fralesths vass Asoclsan 18 LEFL AoLEFE Dektathspas

L01 217 16:

S S T T T
4 623 Pts; ElMax: 65.2°; TB: -8.0 ms

0.000 +=

. DART-Laser: 15uJ/2kHz/1ns /532 nm:
- @ 63° El: 1.1% Return Quote

.20 AG gal7151 63.0° Satellite: GalileolOl1 62.7

IWF.OEAW.AC.AT

-0.858
63




OAW (IWF SP-DART in Graz: Tracking Glonass 127

T T — HQ-Laser: 350 uJ /2 kHz / 10 ps /532 nm:
| el E e e @ 73° El: 11.9 % Return Quote

-0.804

-0.991 +

.6° AG COD7161 73.7° Satellite: Glonass127 73.7°

Cokte Pz

st Gt o
21 729 Pts; ElMax: 74.1°; TB: -16.5 ms

b e et ke Oers £51

ooooo

fon 10 LEFE Aol Pt
G27 217 17:

0.000

DART-Laser: 15 uJ/2kHz/ 1 ns/ 532 nm:
@ 70° El: 3.2 % Return Quote

-0.775,
7

16 G CoD7LeL - 70.8° Satellite: Glonasal2] 70.0°
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EAW (iv/v? SP-DART in Graz: Tracking LAGEQS-2

M SLR Graz WinClean Program --- Version 2.3 2014-06-27 / Format 5
Open Broom ReDraw Statistics CreateNPs Store Finale thisPass AutoClean T8 LEFE AutolEFit DeletethisPass UselistFle Options Lomb BackScatter RebunRate Debris Exit

LAZ2 216 19: 283 372 Pts; ElMax: 58.3°; TB: -2.0 ms

5055

HQ-Laser / 532 nm:
e 350uJ/2kHz/10 ps
23° El: 10.3 % Ret Quote

0.000 L

DART-Laser / 532 nm:
15uJ/2kHz/ 1 ns

46° El: 1.3 % Ret Quote
55° El: 1.7 % Ret Quote

0.8° KF JAX7151 3 76.2°

Wistarn e EM g - 08 0
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OAW C|WF SP-DART Transmitter mounted on Wettzell
- WLRS Telescope (30.5ept.2015)

Graz SP-DART electronics

box with GPS T&F receiver,
Riga USB-ET, FPGA, ...

SP-DART pJ laser mounted on Wettzell WLRS telescope

Graz supplied: 15 pJ laser => start pulses, ET, FPGA / Range Gate, Laptop + program;
Wettzell supplied: Mount / telescope / tracking; SPAD detector => stop pulses
Satellites tracked: ENVISAT, AJISAI, LAGEOS-2, Glonass-128, Galileo-102
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.- ) SP-DART in Wettzell: Tracking Glonass 128;
OAW IWF Return Rate: = 3% (= 60 returns/sec with 15 pJ / pulse)

1| MainWindow

File  Event Timer

Hello, Kittyl GLONASS128 Pass. Sat, Name  Org EL 1 Az+/-  Start Stop  Last/Remain ----- 22---meeees i e i ] el ¥ e o i il V2 et
2015-09-50 : ) [] (1527316 COMPASSIS SHA7761 39/24 ¥ 51¢ 16:87  22:11 364/ 35 wwssers
‘.‘}“’!'Eﬂ‘ Elevatio ] 63127317 GLOWASS131 COD7731 75742 ¥ 131 17:32  22:20 288/ 45 swsesssss
DELTA[]-359. 0000 (23, 0000 GLONASS123 COD7731 B Y 42> 18:50 22:31 228/ 57  weeeess
Laser Mode POS [T 0.0000] 0.0000 MITSAT  JAKT7IL 79 -125» 21:54  22:15  21/wait s
e B OFFSET| I | SPINSAT  NRL7732 5@ -83¢ 22:86  22:13  8/wait =
Doy _'e"_"ﬂ JASON2 CNET721 64 -161> 22:31 250 19/wait e
532 ot STEP | ['1110000 SPINSAT  NRL7732 78 S71¢ 2342 2349 B/wait *

¥ overlap hvoi ; — —
] 19252.2044 kn | g6 Shafl ILE0S| | ek

o
o (domsites) 1| 5| B8[ Fo vige  978ns|| ()

Totel Points | 113%48] Retum Rate [Retum Rate: 3,058  Info3 43011245678  Info 4 [4321. 12345678 [ catibration
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o W |WF) SP-DART in Wettzell: Tracking Galileo 102;
OA C Return Rate: =3% (= 60 returns/sec with 15 pyJ / pulse)

1| MainWindow !

File  Event Timer

Hello, Kitty! 90° i -
55, Sat. Name  Org EL 1 Az+/-  Start Stop  Last/Remain --------- 11-mnmmmmnnn 12--mmmmnee
2015-09-30 GALILEO102 = ;
Vlo-Ua-3U : ) ] STE2731@ STELLA  HTS7721 13 93 18:28  18:28  8/wait =
Azinuth  Elevatior 11427364 IRNSSIA  ISR7721 46/45 Y 108> @4:84  16:12 728/ 358
: " Bl
DELTA[']-358. 0000 (33, 0000 69627365 GLONASS1@6 COD7731 77/25 Y 76¢ @5:48  18:24 276/ 18 **
Laser Mode POS [1] 0.0000] 0.0000 18527366 GALILEO2B1 GAL7721 89/48 ¥ 162¢ @6:53  11:49 296/ 94 rerssrseressrsrers
sl ‘ OFFSET| [ 60327307 GLONASS1@3 COD7731 57/28 ¥ -134> 67:16  10:18 102/ 14 *#+
e, — ] ] 68527307 GLONASSI@S CODT731 69/68 ¥  16< 87:36  12:32 206/ 138  #Seessstrssrrsssrrssrstrsss
] STEP o/ T & : :
s32 : 2] 110000 | 10127308 GALTLEOI@1 GAL7721 84/S8 & -80¢ @8:13  15:65 413/ 290
8 ) b [] ET227308 ETALONZ  HTST721 7@/64 4 -38¢ @8:45  12:53 248/ 158
V] overlap kvoi - = = [] 62627308 GLONASSI26 COD7731 36/36 ¥ 54> @B:52  11:08 136/ 54 *eeereverss
o || e _23596.7455 kM| | BG Shif lus2O0S) | huto-R6 | | [[] 68927308 GLONASS169 COD7731 40/48 ¥ -695 08:55  11:24 148/ 70  seswssssessrss
o [ifasemgliE B ons| B ons| | Rg wiaty 223ns || (0FF) [ Le427309 GALILEOIR4 GAL7721 23/21 ¥ 46> €9:03  10:25 76/ 18 ** =
L5 e salle S A N AR xR TN Tai YL L AN TG AL SN0 A

Total Points 4101 Return Rate Return Rate: 0.40|  Info 3 (4320, 12M5678]  Info_d (4321, 1235678 [ calibration |

600

550

i}
-50

-100

-400
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OAW (iv/v? SP-DART Applications ...

= SP-DART ranging in Graz: Establishes a reference:
= e.g. 1% to 3% return quote with 15 pJ from GNSS satellites

= Comparing this with other SLR stations: Allows independent test of receive channel
= Wettzell: Done at end of September 2015: About 3% return rates for HEOs
= Zimmerwald: Scheduled for mid of November 2015; anybody else interested 77?7

= Alignment & Setup Tests on standard astronomy telescopes / installing a SPAD:
= Testing such setups for later bi-static Debris Ranging:
= Villach / Astronomy telescope / 40 cm / 16”: Tests scheduled for 2016
= Kefallonia / Greece: 1.2 m telescope in 1400 m: Testing for bi-static ranging

= Adding a 15 puJ / ps / kHz laser head: => Pico-DART ©
= To be mounted on any astronomy telescope;
= Results in a simple, small kHz SLR station, with ps accuracy up to GNSS ©

= Upgrades: Adding Retro-Reflector + CCD for easy alignment parallel to host system

IWF.OEAW.AC.AT 12



INSTITUT FUR WELTRAUMFORSCHUNG

OAW (IWF

We are slowly approaching our ultimate goal:
The small, handheld SLR station ©

Thank you !

http://www.youtube.com/watch?v=5060tPJKRJ8

Video of Graz SLR station ranging to ILRS satellites




